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, and Degan Shu 1 The euarthropod body consists of serially repeated segments with various degrees of functional specialization and regionalization [1] . Some representatives exhibit deviant metameric patterns expressed as an indirect correspondence between components of the exoskeleton, usually the number or position of dorsoventral sclerotized plates and walking legs (Supplemental information) [1] [2] [3] . Segmental mismatch in the form of supernumerary walking legs per tergite (i.e. dorsal exoskeletal plate) is characteristic of fuxianhuiids, Cambrian euarthropods widely regarded as critical for understanding the origin of this phylum [4, 5] . The broader signifi cance of this organization remains obscure, however, due to the diffi culty of distinguishing which components of the fuxianhuiid trunk refl ect ancestral or derived traits. Here, we describe for the fi rst time the presence of metameric midgut diverticulae in Fuxianhuia protensa from the Chengjiang KonservatLagerstätte and demonstrate that these digestive structures follow the segmentation pattern of the dorsal exoskeleton. Midgut diverticulae signal a predatory or scavenging ecology [6, 7] , falsifying the view of fuxianhuiids as simple mud-feeders [4] . Comparison with other euarthropods [1] [2] [3] 5] indicates that fuxianhuiids possessed a unique mode of exoskeletal and visceral segmental mismatch, in which the tergites and midgut were segmentally patterned independently from the walking legs and ventral nerve cord. Our fi ndings provide direct evidence of substantial developmental fl exibility among stemgroup euarthropods during the Cambrian.
The general organization of F. protensa includes a carapace covering a pair of stalked eyes, antennae and modifi ed Correspondence limbs, a trunk region defi ned by expanded tergopleurae -each with up to three pairs of biramous walking legs -and a narrow limb-less abdomen ( Figure 1A ; Supplemental information). Although the exoskeletal and internal anatomy of this taxon has been studied in considerable detail [4, 8] , its autoecology and segmental organization have received less attention. The gut of F. protensa specimens usually consists of a straight tube fi lled with sediment, which has been taken as evidence of deposit feeding [4] . New material reveals the internal organization of F. protensa in unprecedented detail. ELI-TLP0004 -an articulated individual in lateral viewdemonstrates that the digestive tract is differentiated into a midgut with paired lobe-shaped diverticulae associated with each of the limb-bearing trunk tergites with expanded tergopleurae ( Figure 1A , B; Supplemental information), followed by a straight gut in the abdomen ( Figure 1C ). The midgut diverticulae have a regular appearance and are confi ned within the tergite boundaries ( Figure  1B , H; Supplemental information); the only variation is that the size of each pair of diverticulae correlates with the sagittal length of the host tergite, being comparatively slender anteriorly and robust posteriorly ( Figure 1B ; Supplemental information). The gut organization in the head region cannot be resolved. Backscatter electron microscopy ( Figure 1D ) and energy dispersive spectroscopy ( Figure 1E-G) indicate that the midgut is preserved as carbon compressions associated with iron deposits resulting from the pyritization of internal organs in the Chengjiang Lagerstätte [8] .
The new information on the internal anatomy of F. protensa illuminates the autoecology of this clade. Digestive tracts with paired glands are ubiquitous among Cambrian lobopodians, radiodontans, bivalved euarthropods, megacheirans and artiopodans (Supplemental information) [6, 7] . The digestive tract of F. protensa most closely resembles that of some trilobites, which also possess a differentiated midgut with serially repeated glands followed by a simple gut on the posterior trunk [7] . As most Cambrian euarthropods had a restricted degree of limb specialization for food processing before ingestion, midgut diverticulae are regarded as adaptations for effi cient digestion associated with a macrophagous predatory/scavenging diet [6] . These interpretations are reinforced by the similarity of the midgut diverticulae of F. protensa and trilobites with those of remipedes, minute cavedwelling predatory crustaceans, which consist of metameric evaginations of the digestive tract [7, 9] . The midgut of F. protensa suggests a complex feeding behaviour in line with that of other closely related stem-group euarthropods, and supports the hypothesis that midgut diverticulae may represent a key innovation linked to the early radiation and ecological success of this phylum during the Cambrian explosion [6] .
The metameric pattern of F. protensa midgut diverticulae clarifi es the trunk segmentation of fuxianhuiids relative to other groups (Supplemental information). The body of lobopodians and radiodontans lacks sclerotized plates, and thus segmentation is expressed externally in the form of paired lobopodous limbs, and internally by the serially repeated midgut diverticulae [6] . Among arthrodized representatives, the disposition of the midgut diverticulae relative to the exoskeletal boundaries is best exemplifi ed in megacheirans and trilobitomorphs [6, 7] . In both cases, each pair of midgut diverticulae belongs to a single limb-bearing segment. However, whereas the midgut diverticulae of megacheirans are positioned centrally within the tergite -as in F. protensa ( Figure 1A ,B,H) and remipedes [6, 7, 9] the digestive glands of trilobitomorphs are located underneath the tergal boundaries due to the derived dorsal mismatch in these euarthropods (Supplemental information) [3] . These comparisons indicate that the metameric arrangement of the digestive tract and dorsal exoskeleton of F. protensa follow each other, refl ecting the ancestral segmentation observed in most total-group euarthropods (Supplemental information) [1, 3] . By contrast, the tergites in the fuxianhuiid trunk overlie multiple leg pairs [4] and their corresponding ventral ganglia [5] . Thus, fuxianhuiids display a unique type of dorsoventral segmental mismatch that is not only expressed externally on the exoskeleton and limbs, as seen in various extant euarthropods [1] , but also internally in the lack of correlation between midgut diverticulae and ventral ganglia ( Figure 1H ).
The trunk organization of F. protensa implies a fundamental decoupling between the mechanisms involved in conferring a dorsal or ventral identity to the body segments, and those that control the formation of external and internal morphological features. Our fossil data suggest that endoderm (midgut) and dorsal ectoderm (tergites) are patterned by a common mechanism, whereas the ventral ectoderm (limbs, nerve cord) is governed by another process. Based on expression data from extant representatives [2, 3, 10] , the segmental mismatch of F. protensa most likely originates from dorsoventral differences in the activity of conserved segment-polarity genes affecting the epidermal segmental boundaries, digestive tract, limbs, and nervous system. Ultimately, the combination of exceptionally preserved external and internal anatomy of extinct taxa [4] [5] [6] [7] [8] , and the ever-improving understanding of segmentation in extant organisms [2, 3, 10] , reveals that euarthropods had already acquired a substantial degree of developmental fl exibility early on in their evolutionary history as informed by the Cambrian fossil record.
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